and aqueous ammonia in excellent yield. Its reaction with m-chloroperbenzoic acid gives the sulfoxide derivative 5-[amino(sulfinylmethyl)methylene]-2,2-dimethyl-1,3-dioxane-4,6-dione (5). With triphenylphosphine, 5 reacts to give triphenyl(thiomethyl)phosphonium 5-cyano-2,2-dimethyl-1,3-dioxane-4,6-dionate (6) from which the methyltriphenylphosphonium salt 6a is obtained with excess triphenylphosphine. The crystal structures of 4, 5 and 6a are discussed.
Introduction
Meldrum's acid (1) derivatives play an important role in organic and pharmaceutical synthesis [1] . 5-[Bis(thiomethyl)methylene]-2,2-dimethyl-1,3-dioxane-4,6-dione (2), first prepared by Huang and Chen [2] , may serve as a useful precursor for the preparation of a series of methylene compounds (3) [3 -8] .
In the light of our interest in studying intra-and intermolecular hydrogen bonds in Meldrum's acid and barbituric acid derivatives [9 -11] and in the chemistry of these compounds we report now on the exchange of one thiomethyl substituent by an amino group and subsequent reactions.
Results and Discussion
The well known reaction of compound 2 with amines is restricted to the use of primary and secondary 0932-0776 / 09 / 0100-0101 $ 06.00 c 2009 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com amines to form compounds of the type 3 (X = SMe; Y = NHR, NR 1 R 2 ) [3, 4] . With aqueous ammonia, 2 reacts readily to give 5-[amino(thiomethyl)methylene]-2,2-dimethyl-1,3-dioxane-4,6-dione (4) as a stable solid in excellent yield. Its crystal structure ( Tables 1 (2) 115.78 (14) 117.50(13)
125.85(15) 125.64(13) C(10)-S(9)-O(11) -105.11 (7) the orientation of the fragments N(8)H(8a)H(8b) and C(6)C (7)S (9) is almost coplanar (interplanar angle 6.8 • ). The second NH proton is incorporated into an intermolecular hydrogen bond which links the molecule to the second carbonyl oxygen atom of a neighboring molecule thus forming a polymeric chain structure
For further bond lengths and angles see Table 2 .
The oxidation of organic sulfides is a standard method for the synthesis of sulfoxides and sulfones [12] . We obtained 5-[amino(sulfinylmethyl)methylene]-2,2-dimethyl-1,3-dioxane-4,6-dione (5) from 2 and m-chloroperbenzoic acid as the final product; apparently, further oxidation of 5 to the corresponding sulfone does not proceed under mild conditions. The crystal structure of 5 (Tables 1 and 2 , Fig. 3 ) parallels that of 4 apart from a slight shorten- We did not succeed in substituting the second thiomethyl group in 2 with excess ammonia. Apparently, the electrophilic nature of 4 is reduced, in comparison with 2, by the strong +M effect of the amino group. Similarly, 4 does not react with triphenylphosphine under ambient conditions. The enhanced acidity of the sulfoxide center in 5, however, allows its nucleophilic attack. Surprisingly, triphenylphosphine attacks the sulfur atom to split the methylene carbon to sulfur bond to give the triphenylthiomethylphosphonium salt 6, in which the methyleneamino fragment has been transformed to a nitrile function under elimination of water. The mechanism of this fast reaction needs further investigation since no by-products were detected. Excess of triphenylphosphine causes dealkylation of the thiomethylphosphonium ion in 6, its methyltriphenylphosphonium salt 6a being formed.
The crystal structure analysis of 6a (Table 1 , Fig. 4 ) reveals the presence of isolated ions. The structure of Table 3 . Bond lengths (Å) and angles (deg) for C 26 H 24 NO 4 P (6a). (6) 118
the cation agrees with published results [13] . Though being negatively charged, the structure of the anion resembles closely those found in the neutral molecules Table 3 .
Concluding Remarks
Our results confirm the electrophilic nature of the exocyclic 5-methylene substituent in Meldrum's acid derivatives. In fact, the propensity of the methylene carbon atom to allow an attack by nucleophiles de- creases upon the exchange of thiomethyl substituents by amino groups which have stronger π-donating properties as demonstrated by the different reactivity of 2 and 4 towards ammonia. Nevertheless, π donation of the thiomethyl substituent in 4 seems to be present as indicated by its uncommon resistance to oxidation which stops at the sulfoxide derivative 5.
In 5, the soft base triphenylphosphine attacks the soft sulfur center under mild conditions according to the HSAB concept [14] while 4, owing to its lower acidity, does not react. The mechanism of the interesting formation of 6 as well as the reaction of 5 with harder bases are currently under investigation.
Experimental Section
All starting materials were purchased from commercial sources and used without purification. Experiments were performed in purified solvents under argon. Compound 2 was prepared according to a published procedure [2] . Crystals of 4, 5 and 6a were obtained by recrystallization from CH 2 Cl 2 / diethyl ether.
CCDC 698445 (4), CCDC 698444 (5), and CCDC 703897 (6a) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif. 
C 26 H 24 NO 4 PS (6)
To a solution of 0.5 g (2.15 mmol) of 5 in 10 mL of CH 2 Cl 2 0.56 g (2.15 mmol) triphenylphosphine was added at r. t. The suspension was stirred overnight, and CH 2 Cl 2 was evaporated in vacuo. To the resulting precipitate 20 mL of diethyl ether was added at r. t., and the solution was stirred for 5 min. The precipitate was filtered and recrystallized from CH 2 Cl 2 / diethyl ether to give 0.91 g (89 %) of 6 as colorless crystals. 
